Modulation of the Actin Filament Reorganization Alters Cellular Calcium and Surface Adhesion in Wharton's Jelly Cells  by Liou, Ying-Ming & Peng, Kang-Wei
Wednesday, March 9, 2011 597amost accurately predicts experimental observations. The combination of bio-
chemical modeling and precise experimental manipulation and quantification
provides unique insights into the relationship between the density of increased
local concentrations of Nck and resulting localized actin polymerization. (Sup-
ported by NIH grants P41 RR013186 and U54 RR022232)
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Transcriptional Regulation of Mouse H2-Calponin Gene by Mechanical
Tension
Wenrui Jiang, J.-P. Jin.
The importance of mechanical signaling in life process has long been recog-
nized, however, it remains to be established that how mechanical signals is
transduced in cells to regulate gene expression. Our previous studies have dem-
onstrated that the gene encoding h2-calponin (Cnn2) is regulated by mechani-
cal tension (Hossain et al., JBC, 2005). To investigate the regulatory
mechanism, mouse genomic DNA containing the Cnn2 promoter was cloned
and 5’-serial deletion constructs were made in reporter plasmid vectors. By
transfective expression in NIH3T3 fibroblasts and HEK293 cells that express
endogenous h2-calponin, we tested the activity of the epigenetic Cnn2 pro-
moter constructs and their responsiveness to the stiffness of cultural substrates.
The results showed that while the 0.6-kb construct had only near background
activity, significant levels of transcriptional activities were observed for the
1.0-kb, 1.6-kb and 2.1-kb promoter constructs. The 1.6-kb and 2.1-
kb constructs were both responsive to substrate stiffness that produce different
mechanical tensions in the cytoskeleton, whereas the 1.0-kb construct
showed no such regulation. The dada indicated that cis-regulatory element(s)
located between 1596 and 1016 of the mouse Cnn2 gene is responsible
for the mechanical tension-regulated expression of h2-calponin. By establish-
ing a novel experimental system to study mechanical cell signaling, the char-
acterization of Cnn2 promoter activity allows us to identify trans-regulatory
factors involved in the cellular signaling pathway that transmits mechanical
tension stimuli to the regulation of h2-calponin gene expression.
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Loss of Regeneration in Mammalian Ears Parallels the Accumulation and
Stabilization of Junctional Actin in Supporting Cells
Joseph Burns, Jeffrey T. Corwin.
Humans and other mammals are vulnerable to permanent deficits of hearing
and balance that arise when inner ear hair cells (HCs) are killed; however,
non-mammals can recover sensory function after supporting cells (SCs)
give rise to replacement HCs. Marked differences exist between non-
mammals and mammals in an age-dependent reinforcement of junctional F-
actin belts within vestibular SCs. In non-mammals, belts remain thin into
adulthood, but their counterparts in humans and rodents dramatically thicken
with age and nearly fill the adult cell at the level of the junction. In mice belts
grow ~1300% thicker between E18 and P83, closely paralleled by declines in
the ability of SCs to spread (r = 0.989), proliferate (r = 0.975), and gen-
erate new HCs (r = 0.91). Here, we used pharmacological agents and FRAP to
investigate stability and turnover in belts at different stages of reinforcement.
In adult mouse utricles cultured with 10nM-2mM Cytochalasin D, the circum-
ferential belts in SCs exhibited an 80% reduction in thickness by 24hrs com-
pared with controls, but no further reductions were observed thereafter, and
sequestering actin monomer with 100nM-1mM Latrunculin A had no effect
on reinforced belts. We tested the hypothesis that filament stabilization ac-
companies reinforcement by photobleaching belts in SCs of utricles from
knock-in mice that express a GFP-actin fusion protein and measuring fluores-
cence recovery. By 2.5hrs after photobleaching, normalized fluorescence re-
covered 81.8 5 4.5% in P0 mouse utricles, compared to just 37.7 5 4.2%
in >P20 mouse utricles. The results indicate that as regenerative capacity de-
clines postnatally in mammals, the F-actin that accumulates in belts at SC
junctions becomes increasingly stabilized. Future experiments will target actin
filament dynamics in SCs to assess the role of reinforced belts in limiting HC
regeneration.
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Modulation of the Actin Filament Reorganization Alters Cellular Calcium
and Surface Adhesion in Wharton’s Jelly Cells
Ying-Ming Liou, Kang-Wei Peng.
Wharton’s jelly cells (WJCs), the mesenchymal stem cells derived from um-
bilical cord, require extensive remodeling of actin filaments by the action ofa multitude of actin-binding proteins for their biological functions of self-
renewal and differentiation. In this study, molecular approaches by specific
siRNAs for caldesmon (CaD), and profilin (Pro) and by gelsolin (GSN) over-
expression were used to alter those gene expressions and their subsequent
controls of actin polymerization in WJCs and to investigate the effects of
modulation of the actin filament reorganization on cellular Ca2þ levels and
surface adhesion force in the cell. Ca2þ levels were measured as the fura-2
F340/F380 fluorescence ratio in the cells. Silencing of CaD and Pro by siR-
NAs raised intracellular Ca2þ and rendered the resistance of decreasing Ca2þ
levels by a protein kinase inhibitor, genistein. The similar change in cellular
Ca2þ was also found in GSN-overexpressed cells. To determine whether
changes in cellular Ca2þ associated with modulation of the actin filament re-
organization will affect surface adhesion of the cell, atomic force microscopy
(AFM) force-distance measurements were applied to measure the stiffness
and the adhesion force in si-control, si-CaD, si-Pro, and GSN overexpressed
cells. Results obtained indicate that disturbing actin filament polymerization
significantly increase in cell adhesion force but do not alter the stiffness in
the cells. Apparently, modulation of the actin filament polymerization might
alter cellular Ca2þ and cell adhesion that is important for determining the ca-
pacity of cell differentiation in WJCs.
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Molecular Motors at the T Cell Immunological Synapse
Yan Yu, Alex Smoligovets, Jay T. Groves.
Signal transduction in living cells via cascades of chemical reactions generally
begins on the cell membrane and is regulated by the large-scale spatial arrange-
ment of cell surface receptors. This phenomenon is particularly striking in the
antigen recognition by T cells. Signaling through discrete T cell receptors
(TCRs) in the context of immunological synapse, involves the orchestrated
movement and reorganization of TCR microclusters. The frictional coupling
between the actin cytoskeleton and protein microclusters has been proposed
to be essential for the spatial organization of signaling receptors at all length
scales, but the role of molecular motors in this process is largely unknown.
By using the hybrid live T cells-supported membrane system, we study the dy-
namics of myosin motors and actin cytoskeleton during the synapse formation
of primary T cells. The mechanical roles of myosin and actin cytoskeleton have
been explored.
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Diamagnetic Levitation Causes Changes in Actin Architecture and Actin-
Binding Proteins in Bone Cells
Ai-Rong Qian, Xiang Gao, Wei Zhang, Li-Fang Hu, Peng Shang,
Jian-Ping Jin.
Diamagnetic levitation technology is a novel approach for simulated weight-
lessness and has only recently been applied in biological research. We have de-
veloped a superconducting magnet platform with large gradient high magnetic
field (LG-HMF), which can provide three apparent gravity levels, namely m-g
(diamagnetic levitation), 1-g, and 2-g for diamagnetic materials. Here we stud-
ied the effects of LG-HMF on the morphology of actin cytoskeleton and the ex-
pression of actin-binding protein vinculin, paxillin, talin and MACF1
(microtubule actin crosslinking factor) in bone cells. The results showed that
LG-HMF treatment of 48 hours had no acute lethal effects on both
osteoblast-like and osteocyte-like cells. Compared to the nature 1-g control,
m-g significantly altered the cell shape, actin cytoskeleton structure (Fig 1),
and the distribu-
tion and expres-
sion of actin-
binding proteins
in bone cells. In
contrast, LG-
HMF-produced
1-g and 2-g ap-
parent gravity
did not have such effects on bone cells. The results indicate that bone cells
are sensitive to microgravity and vinculin, paxillin, talin and MACF1 may be
involved in the mechanosensation and adaptation of bone cells. The diamag-
netic levitation system provides a novel ground-based microgravity simulator
for cell biological studies.
